METHOD
A sample of venous blood, taken from the patient to be studied, is incubated with radiophosphorus in the form of sodium acid phosphate. The red blood corpuscles in the sample are consequently labeled with P32 according to the method of Hevesy and associates.'-' A given quantity of the labeled material is reinjected into the antecubital vein. Arterial blood is then serially sampled at short intervals. The concentration of radiophosphorus in the extracted samples having been ascertained, a curve (referred to as the Dilution Curve) may be plotted of the arterial concentration, c, as a function of time. The characteristics of such dilution curves under normal and abnormal circumstances have been reported in more detail previously.4-5 Such a dilution curve is illustrated in figure 1. Examination of this figure will show: (1) That maximum concentration at Point A of the curve is derived from the concentration of the injected indicator which for the first time
From the Department of Cardiology, Sodersjukhuset, Stockholm, Sweden. passes the testing point (here called the primarily circulating indicator). (2) That maximum concentration at Point L is derived partly from the concentration of the indicator passing through the body for the second time (after having followed the shortest possible course through the body) and partly from the primarily circulating indicator. (3) That the recirculation at Point B of the curve sets in before the whole volume of indicator has passed the testing point for the first time. At Point L of the curve the concentration is derived partly from the respective concentrations of the recirculating indicator (E) and the primarily circulating indicator (F).
Because of the impossibility of distinguishing E from F by direct determination, a method must be developed to do this mathematically. That is to say, one must know the equation of the curve GB to be able to extrapolate the curve beyond the Point B.
In order to examine whether the curve has an exponential form, the logarithm of the concentration (log c) has been drawn as a function of time (Fig. 2) . It then appears that the curve segment GB has the character of a straight line with the equation* log c = -Xt + a (1) where -X = the slope of the line, t = the time, c = the concentration, a = a constant.
It therefore seems practically justifiable to give the equation of this segment of the curve as: where S is a factor greater than 1.
where V = volume of the receptacles in liters.
Integration of Equation 4 gives tit = ino e-(xslv).t (5) right part of the heart tained Equation 7 and the mathematically obtained Equation 6 shows that both are of exponential form. Therefore, the circulatory conditions in the body may be expressed in the following form:
where V, = the pool volume.
Si = a factor > 1, illustrating the ratio of the concentration at the test point to the mean concentration of the primarily circulating indicator in heart and lungs during the time interval HN ( fig. 1 di-=Xi c'. e (7) A comparison between the practically obthe actual conditions existing in the heart and lungs. The indicator injected at a point corresponding to A1 in figure 3 was conveyed by means of a pumping system through the receptacles and past the testing point. By an arrangement such as this, disturbances from the recirculating indicator may be avoided and the dilution curve may be followed during a considerably longer period than is possible in the human body. Since it may be assumed that the cardiac output and the hematocrit of the circulating blood are constant under constant conditions, we may write hivici = X1hf cdt Thus,X, = hi.* vic (9) h*f c * dt 00~~~~~J where fc dt = the area limited by the curve DAGBJ ( fig. 1 ) and the time-axis. Of this area the part DAGH ( = R) must be determined graphically. The area below GBJ is determined as follows:
All time units expressed in minutes, all volumes in liters. c' and X are constants to be determined from the' curve segment GB. Suppose we have two points on GB: P2 (c2t2) and P3(c3t3).
Then fC3 =Ce-Ct3
In c2 -In c, Thus, 3- 
Here only X and c' are unknown. DETERMINATION OF THE BLOOD VOLUME OF THE HEART AND LUNGS (VP).
The time At ( fig. 1) is the average time taken for the blood to travel from the point of injection to the testing point, that is, from the vein of one arm to the artery of the other.
X,-At = the quantity of blood found in the heart, lungs, arteries and veins from the heart to the elbow and to points equidistant to the elbow. We have accordingly here established an upper limit V1 = Xi. At and a locater limit V2 = Xi
The time At is usually considerably greater than the transit time through heart and lungs; in other words X1At is considerably greater than Vop. On the other hand,
where S1 is the ratio between the concentration at the testing point and the mean concentration of the primarily circulating indicator in heart and lungs. Here S1 is normally appreciably greater than 1, and hence V, is much greater than Xi
If one therefore puts Vo = V1 + V2 the 2 divergence of the mean value Vo from the real value Vp will be considerably lower than V0 -V1, respectively V0 -V2.
The total blood volume of the body has been determined from the horizontal part of the curve. This determination was made twenty to sixty minutes after injection. Due also of the muscle tissues of the heart. In the cases where the heart volume determined by
x-ray gives a higher value than the blood volume in heart and lungs, these values do not contradict each other. As appears from table 1, the blood volume of heart and lungs seems to vary from 29 to 35 per cent of the total blood volume.
-3There is a certain correlation between the roentgenologic heart volume and the blood volume of heart and lungs. This is quite natural as there is reason to expect that a dilatation of the heart should be followed by a considerably increased quantity of residual blood in the heart.
Considering case 1, which afterwards went to autopsy, the quantity of residual blood of the heart during life was determined with the guidance of the ante-and postmortem roentgenologic determination of the heart volume and by the postmortem quantity of residual DETERMXIINATION OF BLOOD VOLUME IN HEART AND LUNGS blood. As a control, the displacement volh of the extracted heart was determined.
The following results were obtained: roE genologic heart volume in vivo, 3 fig. 1 D, Point in fig. 3 E Length in fig. 1 e Base of the natural log, system (appr. 2.72) 
